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a  b  s  t r  a  c  t
Cotton  (Gossypium  hirsutum  L.)  production  in  China  has  developed  rapidly  during  the  last  60  years.  In 2012,
the  planting  area  and  total  output  in  the  country  were  5.3 million  hectares  and  7.62  million  tons,  respec-
tively,  and  the  unit  yield  was  85% higher  than the  world  average.  China  currently  accounts  for  about  30%  of
the world’s  cotton  output  with  only  15%  of  the  world’s  cotton  land.  Enhanced  cotton  production,  particu-
larly  the  high  unit  yield  is  largely  due  to adoption  of  a series  of  intensive  farming  technologies  and  cultural
practices.  The  intensive  farming  technologies  for cotton  production  in China  mainly  include seedling
transplanting,  plastic  mulching,  double  cropping,  plant  training  and  super-high  plant  density  technique,
which  have  played  important  roles  in promoting  unit  yield  and total  output.  Although  such intensive
farming  technologies  meet  the  need  of  a growing  population  under  limited  arable  land  in  China,  they  are
labor-intensive  and  involve  large  input  of various  kinds  of  chemical  products  like  fertilizers,  pesticides,
and  plastic  ﬁlms.  Thus,  there  are  increasing  challenges  from  soil  pollution  and labor  shortage.  Here, the
achievements,  challenges,  countermeasures  and  prospects  for  intensive  cotton  cultivation  in  China  are
reviewed.  An important  conclusion  from  this  review  is  that  the establishment  of a  new  farming  technology
through  reform  of  the current  intensive  technology  is  inevitable  to support  sustainable  cotton  production
in  the  nation.  A  series  of  comprehensive  countermeasures  should  be  taken  to reduce  soil pollution  through
rational  use  of  plastic  ﬁlm  and  chemicals,  labor  saving  through  simplifying  ﬁeld  managements  and  mecha-
nization and  increasing  beneﬁts  by  reforming  the  cropping  system  and  management  mode.  China’s  cotton
production  would  be sustainable  with  a  bright  prospect  if supported  by new farming  technologies.
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. Introduction
China is the largest cotton producer and consumer in the world
Wang, 2009a). The area planted to cotton in China was 5.3 mil-
ion hectares in 2012 with an average lint yield of 1438 kg ha−1 and
otal output of 7.62 million tons (mt). Based on cotton type, distri-
ution and growth environment, the cotton growing area in China
an be divided into three major agro-ecological zones, including
he northwest inland cotton region, the Yellow River valley region
nd the Yangtze River valley region. It was reported that 99.7% of
utput and 99.5% of cotton growing area in China occur in the three
ain cotton regions (Yang and Cui, 2010).
Cotton cultivation has a long history in China. However, sci-
ntiﬁcally based cultivation methods were adopted only after the
ounding of People’s Republic of China in 1949. Great progress in
otton production has been achieved during the last 60 years from
949, with an average unit yield increasing by 3.12% annually, from
60 kg ha−1 in 1949 to 1280 kg ha−1 in 2009 (CRI, 2013) (Fig. 1).
hina has become one of the countries with the highest unit yield
f cotton in the world. In 2012/13, the average lint yield was
69 kg ha−1 in the world, while it was 1438 kg ha−1 in China, being
5, 194, 113 and 87% higher than the yield in the US, India, Pakistan
nd the world average (USDA, 2013) (Table 1). Many factors have
ontributed to the increased average yield, including adoption
0
200
400
600
800
1000
1200
1400
2009199919891979196919591949
Yea rs
A
ve
ra
ge
 y
ie
ld
 (k
g 
ha
-1
)
0
1
2
3
4
5
6
7
8
To
ta
l o
ut
pu
t (
m
ill
io
n 
to
ns
)
Average  yiel d
Total output
Fig. 1. Average lint yield and total output of cotton in China (1949–2009).
able 1
otton area, average yield and total output for 2012/13 in the world.
Country Area
(million ha)
Average yield
(kg ha−1)
Total lint yield
(million tons)
World 34.32 769 26.4
United States 3.79 994 3.77
India 11.80 489 5.77
Pakistan 3.00 675 2.02
Brazil 0.89 1427 1.26
China 5.3 1438 7.62 . .  .  . . . . . . . .  .  . . . . . . .  .  . . .  . .  . . .  . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  .  .  . .  .  .  .  . .  . . .  .  . . . . . .  .  . .  .  108
of improved varieties and intensive farming technologies. These
technologies include seedling transplanting, plastic mulching, and
plant training which have played more important roles than cotton
varieties and other contributors to the signiﬁcant increase in lint
yield for the past 60 years (CRI, 2013). Hereafter, we summarize
and review these intensive farming technologies with Chinese
characteristics, not only to further the improvement of China’s
cotton production technology, but also other countries’ cotton
production globally. In this paper, we  review the achievements,
challenges, countermeasures and prospects of cotton cultivation
technology in China.
2. Achievements
2.1. Transplanting and double cropping
Cotton-growing regions in China are also the main food crop-
growing regions; hence the competition for land between grain
crops and cotton has become increasingly serious. The grain-cotton
double cropping that improves farmland and solar energy use efﬁ-
ciency has become the main cropping system. It ensures higher
total output than monocropping, particularly the cotton–wheat
(Triticum aestivum) double cropping system (Zhang et al., 2008),
because it meets the need of farmers to grow a proﬁtable cash
crop and secure food supply (Smith and Varvil, 1982; Zhang et al.,
2007). Based on time (season) of cotton planting, the double crop-
ping system is classiﬁed into spring cotton double cropping and
summer cotton double cropping. Due to the short growth period,
the summer cotton double cropping has obvious advantages in
earliness and alleviating plant diseases and insect pests by using
short-season cotton varieties (Lu, 1991). It was  once widely adopted
in the Yellow River valley and Yangtze River valley cotton regions
from 1980s to 1990s. However, double cropping of summer cot-
ton and wheat began to be replaced by spring cotton and wheat
due to the relatively lower lint yield and poor ﬁber quality of
short-season cotton (CRI, 2013). Double cropping of spring cotton
and wheat occupies a dominant position in the cropping system
in both the Yellow River valley and Yangtze River valley cot-
ton regions (Fig. 2a and b). Compared with sole cotton cropping,
wheat–cotton intercropping as an intensive cultivation technology
has signiﬁcantly increased multiple crop index and reduced the
competition between grain and cotton for land in China. For exam-
ple, the average yield of seed cotton under wheat–cotton system in
Huang-Huai-Hai Plain in China since 1959 was  2836 kg ha−1, being
roughly 88% of that under sole cotton cropping system. It should be
noted that an extra harvest of 3861 kg wheat per hectare was also
obtained compared to monocropping (CRI, 2013). Thus the total
beneﬁts were increased.Although double cropping of wheat–cotton signiﬁcantly
increased economic beneﬁt relative to sole cropping, there are also
some disadvantages in the conventional process of cotton pro-
duction. In such a system, winter wheat is harvested in early or
J. Dai, H. Dong / Field Crops Research 155 (2014) 99–110 101
Fig. 2. Intensive cotton farming technologies in China. (a) double-cropping of cotton–wheat; (b) multi-cropping of cotton-wheat-watermelon; (c) manual seeding in the
nursery  bed; (d) transplanting seedlings; (e) plastic mulching with machine; (f) manual freeing and thinning of seedlings; (g) manual removal of vegetative branches; (h)
manual removal of growth terminals of the main stem; (i) manual harvesting of cotton conventional seeding by hand; (j) drip irrigation under plastic ﬁlm; (k) collection of
p
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i
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a
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blastic  ﬁlm residues in cotton ﬁelds; (l) animal-drawn intertillage and fertilization.
id-June, while cotton is sown in late April. Both crops overlap
n time, growing as an intercrop, from April till June (Zhang et al.,
007). Since the cotton is sown approximately seven weeks before
he harvest date of wheat, strips are left open in the wheat crop
t sowing (October/November) to provide space for the cotton
lants during their seedling stage (April–June). After wheat har-
est in June, cotton plants can exploit the full space, above-ground
s well as below-ground. A cotton–wheat relay intercropping sys-
em is thus characterized by three main phases: (a) winter wheat
vegetative stage) grown in strips from November till April; (b)
ntercropping of wheat (reproductive stage) and cotton (seedling
tage) from April till June; and (c) sole cotton from June till October
Zhang et al., 2007). The two component crops in the system inter-
ct directly during the second phase, which delays plant growth
nd maturity, as well as reduces cotton yield due to shading and
ompetition for water and nutrients between the two crops (Zhang
t al., 2008; Pan et al., 1994). An investigation into the relationship
etween boll weight (average weight or size of a single boll) inwheat–cotton double cropping and meteorological factors showed
that hours of sunshine was  the key meteorological factor in most
wheat–cotton double cropping patterns and signiﬁcantly affected
boll weight in the middle fruit branches owing to poor ventila-
tion and light penetration (Zhou et al., 2000); temperature had an
important inﬂuence on upper and top bolls, especially for double
cropped short-season cotton (Zhou et al., 2000; Hodges et al., 1993).
Wang et al. (2006a) showed that competition for 15N absorption
between wheat and cotton root, and the translocation of absorbed
15N from wheat root to cotton occurred in the wheat–cotton
double-cropping system and the 15N absorbed by cotton root was
mostly allocated to the aboveground part, and less to the root. The
result also highlighted the negative effect of wheat on intercropped
cotton during the overlapping period. Although a wider cotton belt
may  reduce crop interaction, it will no doubt decrease wheat yield
and cannot be adopted by farmers. Direct-seeded short-season cot-
ton after wheat harvest can avoid the negative effects of wheat
shading on cotton seedlings, but poor ﬁber quality and yield due to
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he short growth period is neither accepted by farmers nor encour-
ged by experts (CRI, 2013). Seedling transplanting of cotton just
efore or after wheat harvest provides an effective way  to solve or
lleviate the interaction effects of both crops (Song, 2010).
Seedling transplanting of cotton was initiated in China in the
950s; however, it was not widely adopted until the 1980s, espe-
ially in the Yangtze River valley and the Yellow River valley
egions. Total area and proportion of the transplanted cotton to
otal cotton ﬁeld in China were about 0.93 million hectares and
8% in 1980s. The seedling transplanting process mainly con-
ists of three steps (Fig. 2c and d): seedling nursery in the bed,
ransplanting seedlings to the ﬁelds, and ﬁeld management after
ransplanting (Dong et al., 2007). For raising seedlings, “columned
oil blocks” (4–6 cm in diameter and 8–12 cm high), made of soil
nd organic fertilizer (9:1, w/w) with corresponding sizes of molds,
ere prepared in early April before planting. Soil blocks were then
idily placed into a eutropic soil bed (10–15 cm deep and 2–3 m
ide). After watering, each block was sown with one cotton seed.
he seedling bed was then covered with plastic ﬁlm which was sup-
orted by bamboo sticks to build a 50 cm-high arciform hut. Since
emperature inside the greenhouse-like hut was much higher than
utside the hut, it provided a quite favorable condition for emer-
ence and seedling growth during the early season. The seedlings
ere allowed to grow in the hut until transplanting. It is neces-
ary for seedlings to experience cold acclimation by keeping the
ut open for at least a week before transplanting. Soil blocks along
ith seedlings were then transplanted to the ﬁelds manually. Gen-
rally, transplanting is carried out when the mean soil temperature
t the 5 cm depth reaches 17–19 ◦C and cotton seedlings have 2–4
rue leaves on the main stem. Soon after transplanting, the ﬁeld was
atered to let seedlings recover normal growth quickly (Dong et al.,
007). Intertillage and irrigation are conducted timely after trans-
lanting (Sun et al., 1999). Compared with direct-seeded cotton
fter wheat harvest, the yield of transplanted seedlings was  signif-
cantly increased on average by 20–30% (Gao and Shang, 1982).
oreover, seed yield and quality parameters were signiﬁcantly
mproved in the transplanting system through the increased num-
er of bolls per square meter and earlier blooming; the net revenue
or producers was also increased relative to direct planting (Dong,
012; Dong et al., 2005). About 2 million hectares of cotton were
overed with the seedling transplanting technology in the 1990s
CRI, 2013).
Seedling transplanting can be conducted about 35 days before
heat harvest with spring (full-season) cotton or soon after wheat
arvest with summer (short-season) cotton. The transplanting has
everal advantages relative to direct seeding before or after wheat
arvest as follows (CRI, 2013): (a) Sowing can be timely conducted
n the seedling bed by adjusting soil temperature and humidity; it
lso can reduce the quantity of seeds and the incidence of diseases
nd/or insect pests on cotton seedlings. Cotton seedlings are
asily attacked by Rhizoctonia solani Kuhn., Colletotrichum gossypii
outhw., Alternaria tenuis Nees. and Phytophthora boehmeeiae
aw. in an open ﬁeld, but they are rarely attacked in nursery
ed (Shen, 1992); (b) Due to optimal/efﬁcient use of light and
emperature by transplanted seedlings, the growing process is
ccelerated and the blooming and boll-setting period prolonged;
nally, the rate of blossom before frost and total seedcotton
ield are greatly increased. The blooming period was  extended
y about 1 week, peak blooming occurred 5 days earlier and the
umber of early-season blooms and bolls retained per unit area in
ransplanting system was signiﬁcantly higher than those in direct
lanting system (Dong et al., 2005); (c) Water and nutrient uptake
as improved with promoted lateral root growth. Also, the root
eight and lateral root number of soil-cubes transplanting were
3.4 and 18.8% higher than that in direct seeding cotton (Mao
t al., 2008); (d) Cotton germination, emergence and early seedlingarch 155 (2014) 99–110
growth are sensitive to salinity stress. Stand establishment was
greatly improved by seedling transplanting with non-saline soil as
nursery substrate relative to direct seeding in saline soils (Zhang
et al., 1982). Seedling transplanting is thus used as an efﬁcient
practice to increase stand establishment of cotton in saline
soils.
2.2. Plastic mulching
Cotton is widely cultivated in China, and the ecological condi-
tions differ according to the planting region or location, such as
uneven rainfall distribution and temperature difference. Low tem-
perature and drought at sowing as well as soil salinity stress and
disease during the seedling stage usually decrease the rate of seed
emergence and stand establishment. Christiansen and Rowland
(1986) indicated that cold soil slowed germination, altered normal
root development and caused cell damage, thus rendering seedlings
more susceptible to diseases. The accumulated salts in soil inhibits
seed germination, emergence and plant growth and development
through osmotic stress, nutritional imbalance and/or toxicity of salt
ions, consequently reducing lint yield and quality (Ahmad et al.,
2002). Low temperature combined with salinity stress can further
reduce cotton emergence and stand establishment in saline ﬁelds
(Dong et al., 2008a; Dong, 2010). Although late sowing may reduce
environmental stress of early season chilling and disease incidence,
cotton yield was  decreased by shortening of growth period (Dong
et al., 2005). Fortunately, all these problems can be solved by plas-
tic mulching—row covering with polyethylene ﬁlm (Fig. 2e and f),
because plastic mulching increases soil temperature, water conser-
vation, salinity control in the root zone and weed control, thereby
increasing yield and quality by 10–30% (Mahmood et al., 2002;
Mahajan et al., 2007; Stathakos et al., 2006).
Plastic mulching in China was initiated for cotton in 1979. And
it has been widely adopted for cotton production since the 1980s
(Lu, 1985; Xu and Liu, 2001). Currently, about 70% of total cotton
ﬁelds, equivalent to 2.7 million hectares, are covered with plas-
tic ﬁlm each year, especially in the arid and semi-arid regions of
northern China and coastal saline-alkali areas (CRI, 2013). Com-
pared with the ecosystem structure of non-mulched cotton ﬁeld
which includes the soil layer, vegetation canopy and atmosphere,
ﬁlm-mulched cotton ﬁelds consist of four ecosystems—soil layer,
under-ﬁlm layer, vegetation canopy and the atmosphere (Fig. 3).
The under-ﬁlm layer had multi-effects, including the increase in soil
temperature through greenhouse effect and moisture conservation
through preventing direct evaporation of moisture from the soil,
ﬁnally leading to improved seedling establishment, plant growth
and economical yield (Dong et al., 2007, 2008a, 2009a; Tarara,
2000; Cao, 1987). Moreover, plastic mulching in saline ﬁeld could
effectively reduce the accumulation of salts in the surface soil by
suppressing evaporation and salinity stress is thus decreased (Dong
et al., 2007, 2008a; Dai et al., 2010; Bennett et al., 1966).
Plastic ﬁlm coverage (mulching) is usually conducted soon
after sowing manually or mechanically. Seedlings are freed from
mulching cover by cutting ﬁlm above hills at emergence (Fig. 2f),
and thinned to the planned population density by leaving one vig-
orous plant per hill at the two-leaf stage (Dong et al., 2009a). It
should be noted that under post-sowing mulching, it is critical to
let the seedlings out of the ﬁlm in time to avoid suffocation and
poor seedling establishment. Generally, the polythene mulch can
be retained during the whole growth season, especially in arid and
special early maturing cotton areas to improve soil temperature
and decrease moisture evaporation. In areas with ample water and
heat sources, plastic ﬁlm should be removed at full squaring stage in
late June, and then intertillage, weeding, ridge forming and earthing
can be done timely to prevent lodging and premature senescence
of cotton in the late season (CRI, 2013).
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Fig. 3. Ecosystems of non-mulched
Plastic ﬁlm mulching can also be applied before sowing. Pre-
owing coverage is particularly beneﬁcial to cotton planting in
aline ﬁelds. Large evaporation usually occurs in naked land before
owing in spring, which would cause signiﬁcant accumulation of
alts in the surface layer of saline soils. We  found that row cover-
ng with plastic ﬁlm 30 days before sowing (early mulching) better
mproved stand establishment (38.7%), biomass (26.5%), lint yield
19.0%) and earliness (14.7%) of cotton than conventional post-
owing coverage (Dong et al., 2009a). Compared with mulching
fter sowing, early mulching reduced leaf Na+ levels by 8.0% and
ncreased stand establishment by 11.4%, plant biomass by 9.9% and
int yield by 7.1% in the saline Yellow River Delta (Dong et al.,
009a).
Plastic ﬁlm mulching in combination with seedling trans-
lanting was recommended because it had dual advantages of
ncreasing soil temperature and promoting early maturity (Sun
t al., 1999). In this system, cotton seedlings from the nursery bed
re transplanted to plastic-mulched ﬁelds rather than open ﬁelds.
t was demonstrated that plant growth and development, yield and
arliness were signiﬁcantly improved by an integration of mulching
nd transplanting compared with individual use of transplanting
r plastic mulching (Liu et al., 1997; Wu,  1996). Lint yields were
ncreased with a combination of both practices by 17.4% and 14.6%
ompared with individual use of plastic mulching and transplanting
Dong et al., 2007).
.3. Plant training
Plant training is also a widely adopted intensive cultivation tech-
ique in China. It mainly involves removal of vegetative branches,
lant topping, and excising old leaves and empty fruit branches.
lant training can efﬁciently coordinate the relationship between
egetative and reproductive growth by adjusting the distribution
f nutrients in cotton plant tissues, and reducing the nutrient con-
umption by surplus organs (CRI, 2013). Plant training could also
mprove the microclimate of the cotton ﬁeld, and reduce the num-
er of boll abscission and bonll rot (Li et al., 2007) and increase
otton yield and ﬁber quality (Zhou and Yang, 1999).
.3.1. Removal of vegetative branches
Cotton plants do not fruit directly on vegetative branches. Veg-
tative branches grow vigorously, excessively consume nutrients
nd aggravate the competition between vegetative and repro-
uctive growth, usually leading to ﬁeld shading and increased
bscission of squares and bolls, especially at a medium plant
opulation density of 4.5–7.5 plants m−2 (CRI, 2013). Removal of
egetative branches is usually done manually after the ﬁrst fruit
ranch appears in mid-June (Fig. 2g). Compared with those with
ntact vegetative branches, the boll shedding rate of cotton plants
ithout vegetative branches decreased by 9% and the boll weight
size) and seed cotton yield increased by 7 and 8.7%, respectivelyB
nd ﬁlm-mulched (B) cotton ﬁelds.
(Yuan, 1982). The removal of vegetative branches improved the
number of fruiting nodes per leaf area by 31.1% and dry mass of
fruiting parts per leaf area by 88.9%, thereby increasing seed cot-
ton yield by 17.7% (Dong et al., 2008b). The practice of vegetative
branch removal covered 70% of cotton ﬁelds before 2000 but has
now decreased to about 50% of cotton ﬁelds in China (CRI, 2013).
2.3.2. Plant topping
As an indeterminate inﬂorescence crop, cotton could grow con-
tinuously and bear more fruit branches so long as suitable temper-
ature, light, water and fertilizer are provided (CRI, 2013). Removal
of growth tips on the main stem by hand (topping) inhibits apical
dominance and vegetative growth, allowing more nutrients to be
partitioned to reproductive organs, leading to more squares, ﬂow-
ers, bolls and lint yield (Li et al., 2006). It is critical to identify the best
topping time in practice. The time of plant topping largely depends
on ecological regions and plant density. Generally, topping can be
conducted by mid-July when the number of fruit branches is 10–12
per plant at a plant population of 4.5–6.0 plants m−2 in Yellow River
Valley; in Yangtze River Valley, it is conducted by late July when the
number of fruit branches is 15–20 per plant at a plant population
of 2.3–3.0 plants m−2 (CRI, 2013). Topping later always caused an
increase in ineffective fruit branches and ineffective ﬂower buds in
upper fruit branches; topping earlier always increases the abscis-
sion of squares and bolls in the upper fruit branches. Plant topping
is also suggested to be done in windless and clear day to facilitate
wound healing (Fig. 2h). Bennett et al. (1965) showed that topping
increased lint percentage, ﬁber length and micronaire relative to
non-topped cotton. Renou et al. (2011) reported that the bollworms
Helicoverpa armigera Hübner (56%), Earias spp. (68%) and Diparopsis
watersi Rothschild in plots of topped cotton were fewer than that
in non-topping cotton plots. As an effective measure for regulating
plant growth and increasing yield, plant topping is conducted in
100% of cotton ﬁelds in China (CRI, 2013).
2.3.3. Removal of old leaves and empty fruit branches
During the mid-growing period, removal of the old, yellow
and diseased leaves and the empty fruit branches can remarkably
improve ventilation and penetrating light and decrease soil humid-
ity and boll rot (CRI, 2013). Removal of old leaves and empty fruit
branches should be conducted according to plant growth after full
ﬂowering.
2.3.4. Removal of apical points of vegetative and fruiting branches
Removing the apical points of both vegetative and fruit branches
can avoid earlier canopy closure by limiting horizontal growth
of branches (CRI, 2013). Removal of apical points of vegetative
branches can also enhance root growth and mitigate premature
senescence of plant, and thus increased lint yield (Dong et al., 2003).
Pruning the side branches improved cotton yield, lint percentage
and earliness while reducing boll rot (Bennett et al., 1965). Apical
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Fig. 4. Drip irrigation system w
oints of vegetative branches are usually removed after peak ﬂow-
ring in mid-July, while those of fruiting branches are removed at
eak boll-setting in early August.
.3.5. Removal of early fruit branches
Fruit shedding or loss appears necessary to ensure normal devel-
pment of retained bolls that are carried through to maturity
ecause cotton produces many more fruits than they can mature
Malik et al., 1981). Loss of early fruiting forms can elicit com-
ensatory growth (Sadras, 1995). Early-fruit removal enhances
egetative growth and development, thus it can be used to coor-
inate relationship between vegetative and reproductive growth
Dong et al., 2009b). Removal of early fruiting forms is currently
sed in early squaring cotton to mitigate premature senescence
ecause it increased levels of total nitrogen (N), soluble protein,
s well as glutamic-pyruvic transaminase (GTP) activity in leaves
Zhang et al., 2009), and lint yield was thus increased (Dong et al.,
008c, 2009b). It was also reported that removal of early squares
educed the Verticillium wilt disease indexes and early senescence
ndexes (Zhu et al., 2008). Removal of early fruit branches is usu-
lly conducted at peak squaring in mid- or late-June. The lowermost
wo or three fruiting branches on the main stem are hand-removed.
.4. Super-high plant density technique
The light and heat resources in northwest inland cotton region
re abundant, but cotton productivity is low due to limited
ffective growing season in this region. In order to effectively
se light and heat resources, particularly to avoid the adverse
ffects of limited growing season, a high-yielding cultivation
attern called “short-dense-early” has been widely adopted in the
orthwest inland cotton region. This pattern is achieved through
ncreasing plant density, short plant height and early maturity
ith the help of drip irrigation under plastic mulching (Zhang
t al., 1999a). Close planting is one of the most important practices
or “short-dense-early” (Fig. 2i).
Close planting is suitable in northwest inland cotton area
ecause of favorable climate conditions such as higher tempera-
ure difference between day and night, longer illumination time
nd less rainfall. Excessive growth can be effectively controlled
ven at a high plant density under such a climate. The planting
ensity is always in the range of 200,000–300,000 plants ha−1, and
he plant height is controlled to a range of 60–75 cm through chem-
cal regulation and water and fertilizer management (CRI, 2013). In
ddition, other cultivation measures such as using early-maturity
ariety, early planting, particularly drip irrigation under plastic ﬁlm
ulching are adopted to promote early maturity and lint yield (Cao
nd Lin, 2007; Zhou et al., 2012). The average lint yield in this region
eached 1927 kg ha−1, and a total of 3.18 million tons of cotton ﬁber
ere produced from 1.65 million hectares in Xinjiang in 2012. It is
asy for most farmers in Xinjiang to produce 2250 kg ha−1 of lint
ield with “short-dense-early” pattern (Wang, 2009b). A lint yield   20 cm  cm  40 cm 20  cm 60  cm 0
r rows per drip irrigation tube.
record of 4900 kg ha−1 was  obtained in a small area in Xinjiang in
2009 (Maimaiti et al., 2012). At present, “short-dense-early” cul-
tivation pattern covers about 35% of total cotton planting area in
China (CRI, 2013).
The northwest inland cotton area of China is located in the
arid inland with low rainfall. Because cotton ﬂowering and boll-
setting stages are sensitive to water stress, the technique of drip
irrigation under ﬁlm mulching (Fig. 2j) is commonly applied in the
area (Ma  and Yang, 1999). Based on the number of cotton rows
per irrigation tube, drip irrigation system was  divided into double
rows per tube and four rows per tube. At present, the pattern of
four rows per drip irrigation tube (Fig. 4) is commonly used in the
northwest inland cotton region. There are multiple advantages of
drip irrigation under ﬁlm mulching. On the one hand, drip irrigation
under ﬁlm could effectively prevent moisture loss and improve
water and nutrient use efﬁciency by increasing coverage rate (Liu
et al., 2006; Zheng et al., 2000); compared with ﬂood irrigation, the
water saving and yield increase with drip irrigation under ﬁlm were
improved by 20–50% and 10–30%, respectively (Ma and Yang, 1999;
Liu, 2008), and water and nitrogen use were also greatly improved
in Southern Xinjiang (Liu and Tian, 2007). On the other hand, it
effectively alleviates weeds, diseases and insect pests, decreases
the number of boll rots and improves seed cotton yield and ﬁber
quality (Liu et al., 2005; Hu and Zhang, 2005). Liu et al. (2007) also
indicated that the damage of Aphis gossypii and spider mite to cot-
ton was alleviated with drip irrigation under plastic mulching. In
saline ﬁelds, drip irrigation under ﬁlm induced low salinity distri-
bution around the root zone, which signiﬁcantly alleviated salinity
stress and enhanced seedling establishment and plant growth (Liu
and Tian, 2005; Zhou et al., 2006). Yan et al. (2009) reported that
cotton roots were mainly distributed in the mulched area, occupy-
ing about 61–73% of total root biomass, while only about 27–39%
was distributed in the bare area. Compared with equal salt distri-
bution in the root zone, unequal salt distribution could decrease
Na+ concentration in leaves owing to higher root Na+ efﬂux in the
low salinity side, increased leaf photosynthesis, transpiration and
water and nutrient uptake, all of which enhanced cotton biomass,
lint yield and earliness (Kong et al., 2012; Dong et al., 2010).
3. Challenges
Although Chinese cotton production has continuously increased
with the help of intensive farming measures, it is currently facing
great challenges, including soil pollution caused by plastic ﬁlm and
chemicals, labor shortage due to urbanization, northward moving
of rainfall caused by global climate change and intense competition
for land from food crops.3.1. Soil pollution
Soil pollution refers to the quantity and speed of pollutants
coming from human activity into soil in excess of the holding and
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uriﬁcation capability of soil, which further results in soil dysfunc-
ion and quality degradation. In cotton ﬁelds, soil pollutants mainly
riginate from plastic mulch, fertilizers and pesticides.
.1.1. Plastic pollution
As one of the most important intensive farming measures,
ulching with plastic ﬁlm has brought a positive and important
rogress in agricultural productivity but its residue in the ﬁeld has
ecome a common soil pollution phenomenon in China (Fig. 2k),
estroying soil structure and harming crop growth (Yan et al.,
006).
Plastic ﬁlm was initially applied in agricultural production in
hina since 1980s. At present, the area under plastic ﬁlm mulching
s about 20 million hectares of arable land. As the largest plastic
lm mulched crop in China, about 70% of the cotton ﬁeld is cov-
red with plastic ﬁlm (CRI, 2013). More than 2.0 million tons of
lastic ﬁlm residues, accounting for 20–25% of total plastic ﬁlm
pplied has remained in the soil in China (Xiao and Zhao, 2005;
ao  et al., 1997). Plastic ﬁlm is a macromolecular hydrocarbon
hat cannot be easily degraded through photodegradation, ther-
al  degradation or biodegradation by different kinds of bacteria
nd enzymes, and it can exist in soil as long as 200–400 years
Wang, 2001). If plastic ﬁlm mulching is used continuously with
ropping for 10, 15 and 20 years, the residues will amount to
62, 350 and 430 kg ha−1, respectively (Sun et al., 2005). There
re so many reasons for the greater accumulation of plastic ﬁlm
esidues in soils in China than in other developed countries; these
nclude large consumption, decreased thickness, low recovery and
ow proportion of degradable plastic ﬁlm application (Wang et al.,
003).
More and more plastic ﬁlm residues mainly distributed in
he plough layer has destroyed soil integrity and permeability,
nhibited the inﬁltration of soil capillary and free water, and
mpaired microbial activity and plant growth (Sun et al., 1989;
uan, 2003; Zhi et al., 2007). Li et al. (2008) reported that plas-
ic ﬁlm residues increased the soil bulk density and reduced root
iomass, soil water content and seed cotton yield. The germination
ate, number of plants at harvest and cotton yield in ﬁlm-polluted
oil were decreased by 9.9–19.1%, 7.3–16.5% and 7.3–21.6%, respec-
ively (Jiang et al., 2001). Thus, plastic pollution is a big challenge
or intensive farming of cotton in China.
.1.2. Fertilizer pollution
China is the largest fertilizer producing and consuming coun-
ry in the world. However, large inputs and low use efﬁciency of
ertilizer is common in China owing to irrational fertilizing meth-
ds. The fertilizer use efﬁciency of nitrogen (30–35%), phosphorus
10–20%) and potassium (35–50%) in China was signiﬁcantly lower,
nd the rate of nitrogen loss (33.3–73.6%) much higher than that in
eveloped countries (Peng et al., 2001).
Nitrogen (N) as an essential macronutrient is more required
onsistently and in larger amounts than other nutrients for cotton
roduction (Hou et al., 2007). Nitrogen fertilization had signiﬁcant
mpacts on cotton growth, lint yields and ﬁber quality (Bondada
t al., 1996), making it to be excessively applied by cotton grow-
rs in China. In the northwest inland cotton regions, an over-dose
f 450 kg N ha−1 was applied to cotton ﬁelds, leading to excessive
egetative growth and delayed maturity (Wang et al., 2006a,b).
n addition, excessive nitrogen application decreases the uptake
f other nutrient elements and use efﬁciency of nitrogen; it also
estroys the granular soil structure and compact soil, which ﬁnally
eads to decreases in cotton yield and ﬁber quality (Shu, 2008;
hang et al., 1999b). An over-dose of nitrogen fertilizer and the
esulting pollution also commonly exist in saline-alkali cotton
elds (Chen et al., 2010; Dong, 2010).arch 155 (2014) 99–110 105
3.1.3. Pesticide pollution
A pesticide is any substance or mixture of substances intended
for preventing, destroying, repelling, or mitigating pests, including
insecticide, herbicide, fungicide, and various other substances used
to control pests (EPA, 2009). China is one of the earliest countries to
use pesticides, the largest producer and exporter, and the second
largest consumer of pesticides in the world (Rajinder et al., 2009).
Cotton is considered a high pesticide consumer crop; about
25–30% of total pesticides produced in China is used for cotton
(Wu  and Guo, 2005). Pesticide is so indispensable to cotton produc-
tion, yet while only 1% of the sprayed pesticides is effective, 99% of
pesticides applied is released to non-target soils, water bodies and
atmosphere (Zhang et al., 2011). Although Bt (Bacillus thuringiensis)
transgenic cotton has effectively helped to control cotton bollworm
(Helicoverpa armigera Hübner) (Huang et al., 2003), other pests like
mirid bugs (Heteroptera: Miridae) have progressively increased in
population sizes in association with a regional increase in Bt cotton
adoption (Lu et al., 2008, 2010). Organochlorined pesticides (OCPs)
such as HCH, DDT, HCB, aldrin, endrin, chlordane, etc, were com-
monly used to control pests in China, and were still detected in
some cotton ﬁelds although OCPs have been banned since 1983
(Wang et al., 2009c). In addition, much more herbicide was  exces-
sively applied to control weed in cotton ﬁelds, resulting in soil,
water and atmospheric pollution (Li et al., 2005).
3.2. Labor shortage due to urbanization
Intensive farming is dependent on the huge labor power in
China, however, with the rapid urbanization in the nation, more
and more rural laborers have migrated to cities and towns to work
in secondary and tertiary industries, leaving only weak laborers
such as the elderly, women and children to be mainly engaged in
agriculture. According to statistics, about 0.24 billion rural laborers
migrated to cities from 1996 to 2007 in China (Mao, 2010).
Intensive cotton farming in China requires a great deal of labor
(Fig. 2c, d, f, g, h, l), especially during the harvesting stage (Fig. 2i).
Mechanization of cotton production has developed much better
in the northwest inland cotton region than other regions, but
only about 15% of cotton area is harvested with machinery in the
region. In the Yellow River and Yangtze River Valley, harvesting
is completely done manually, although some other practices like
soil tillage, soil preparation and plant protection are done with
machinery. Quite often, harvesting is not ﬁnished in time owing
to labor shortage and this always imposes adverse effects of rain-
fall and snow on seed cotton yield and ﬁber quality (CRI, 2013).
Thus, the intensive cultivation techniques are facing severe chal-
lenges of labor shortage and low level of mechanization for cotton
production in China.
3.3. Climate change
The temperature change in the cotton production area of China
was consistent with global warming (IPCC, 2001), especially in fall
and winter seasons (Chen, 2008). With the temperature increase,
the period of squaring, ﬂowering and boll opening in cotton is
occurring ahead of time. As a result, on the one hand, cotton pre-
mature senescence may  be more serious than before; on the other
hand, more and more land in the north is becoming suitable for
double cropping of cotton and wheat or cotton and other crops.
Also, the temperature increase in winter is beneﬁcial to cotton
aphid eggs during overwintering, leading to more cases of cotton
aphid infestation during spring (Mao, 2011). Although Bt (Bacil-
lus thuringiensis) transgenic cotton has effectively controlled cotton
bollworm, other cotton pests gradually increased with wide-scale
adaptability and climate change. Lu et al. (2008, 2010) showed that
plant bugs (Heteroptera: Miridae) have emerged as key pests in the
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ain cotton-growing regions with a regional increase in Bt cotton
doption, usually with great population densities during the squa-
ing and ﬂowering stage, and peak mired abundance ranging from
0 to 200 per hundred plants.
With global warming, there were even greater uncertainties of
ainfall in cotton growing areas (Lu, 2009). There was  an obvi-
us decreasing trend from the 1960s to the 1990s in China, while
 recovery occurred in the late 1990s (Wang et al., 2006c). Mao
2011) reported that the characteristics of rainfall in China has
bviously changed, with rainfall inclining northward, delayed onset
f rainy season and increased rainfall in late summer and autumn.
he pollination of cotton is inﬂuenced by high rainfall during the
eproductive growth stage, which causes more bud, ﬂower and boll
bscission. High and/or prolonged rainfall duration could also cause
lant lodging and serious boll spoiling diseases, further decreasing
eed cotton yield and ﬁber quality (Wang and Zhou, 2011; Li et al.,
007). Therefore, the increasing area of land suitable for double
ropping, more serious pest incidence and premature senescence
esulting from climate change are also strong challenges which the
ntensive farming must face.
.4. Competition from food crops
The total cultivated area in China has being gradually decreasing
ue to rapid urbanization. Although cotton is a daily necessity and
he main raw material for the textile industry in China, the Chinese
overnment has paid more attention to food crops than cotton. A
ot of supporting policies and measures such as improving grain
rice and providing grain subsidy were taken in China to increase
rain planting area and guarantee grain security. The competition
etween grain and cotton has become increasingly serious. This
esulted in a signiﬁcant conversion from cotton ﬁelds to grain ﬁelds
n China. About 1.33 million hectares of cotton ﬁeld was converted
o grain ﬁeld in the past 10 years (CRI, 2013). Intensive farming
echniques of cotton also have to face a challenge from relatively
xtensive and simple cultivation techniques of food crops.
. Countermeasures and prospects
.1. Reducing soil pollution
It is essential to take measures to decrease plastic ﬁlm residues
n soils for sustainable production of cotton in China. These meas-
res include (a) plastic ﬁlm recovery. Timely removal of ﬁlm
ould effectively increase its residual recovery. For example, about
0% and 95% of residual plastic ﬁlm was recovered when ﬁlm
as removed before the ﬁrst irrigation in northwest inland cot-
on areas and removed at peak squaring in late June in Yellow
iver valley region, respectively (Mi  et al., 1998; CRI, 2013). This
ay  be achieved by increasing the current ﬁlm thickness of
.004–0.006 mm to 0.012 mm or above. Cao (2012) showed that
he recovery of plastic ﬁlm residues with 0.012 mm was higher
69.2%) than that with 0.006 mm;  (b) Application of plastic ﬁlm
leaning machinery before planting. Plastic ﬁlm residues in the soil
an be greatly reduced with the help of a cleaning machine (Fig. 2k).
his is usually conducted in combination with tillage; (c) Reducing
onventional plastic ﬁlm consumption by developing new agricul-
ural technologies and ﬁlm substitutes such as photodegradable
lm, biodegradable ﬁlm and liquid ﬁlm. Dai et al. (2004) found
hat the increasing value of soil temperature mulched with double-
egradable and photodegradable plastic ﬁlm was higher than that
ith common plastic ﬁlm, and the two kinds of degradable plastic
lms could break into small pieces.
It is also very important to reduce pesticide- or fertilizer-caused
oil pollution for the sustainable production of cotton. Pesticidearch 155 (2014) 99–110
contamination can be reduced, on the one hand by application of
Bt transgenic cotton and transgenic herbicide-resistant cotton; on
the other hand it can be reduced by applying low-toxicity and low-
residue pesticides. Reduced application of fertilizers, especially
nitrogen fertilizer inputs, is able to decrease fertilizer contamina-
tion of soil. Measures like increased planting density and organic
fertilizer inputs as well as improved fertilization methods favor
lower input of fertilizers without cotton yield reduction (CRI, 2013).
4.2. Simplifying ﬁeld management
Cotton is intensively cultivated currently in China through more
than 40 procedures during the whole growth period. The amount of
labor input for cotton is 3.5 and 3 times that for wheat and corn (Zea
mays) (Mao, 2010). The current intensive farming system is largely
dependent on a large high-quality labor power. The quantity and
quality of the rural labor, however, have been greatly reduced with
the rapid urbanization and transfer of labor from rural to urban
areas in China (Mao, 2010). Only simplifying the traditional inten-
sive technologies and replacing hand labor with machinery through
mechanization of the whole production process can effectively deal
with the challenges of the current labor shortage for cotton produc-
tion.
Simplifying ﬁeld managements in cotton needs a transition from
current intensive farming to relatively extensive farming without
reduction in cotton yield and quality (CRI, 2013). It is well known
that cotton yield cannot be inﬂuenced within a plant density range
owing to its broader adaptability to environment, thus precision
seeding will become an important simpliﬁcation measure in future
(Dong, 2013). In the Yellow River valley, the seeding rate is usu-
ally 35–45 kg per hectare, and the resulting number of seedlings is
always much larger than the targeted plant density. It traditionally
requires one or two  times of manual thinning to remove the extra
seedlings after emergence. Compared with conventional seeding,
the precision seeding on the one hand, signiﬁcantly reduced the
seeding rate without decreasing yield and ﬁber quality; on the other
hand, the labor input after seedling emergence is also reduced by
eliminating the process of thinning (Zhang et al., 2012).
Fertilizer plays an important role in cotton growth and yield for-
mation. Cotton is traditionally fertilized at least three times with
rapid release fertilizers, including basal application, at squaring or
ﬂowering, and after topping. The conventional split fertilization
with rapid release fertilizer always required a great deal of labor
input and fertilizer loss. Application of slow- or controlled-release
fertilizer could reduce labor input and labor intensity, because it
can be applied only once at planting with improved fertilizer use
efﬁciency and without yield loss (Yang et al., 2012). As a popular
intensive cultivation technique in China, plant training like removal
of vegetative branches, old leaves and redundant buds and growth
terminals of the main stem usually takes a large amount of labor
input. In practice, removal of vegetative branches can be eliminated
without yield decrease either by retaining vegetative branches
at lower plant density or by inhibiting their growth through the
increased plant density with the help of plant growth regula-
tors (Dong et al., 2012b). The application of chemical substitutes
instead of manual training can effectively regulate the relationship
between vegetative and reproductive growth without decreasing
yield and ﬁber quality, especially the application of chemicals in
topping of cotton (Zhao et al., 2011a,b).
Intertillage is traditionally conducted 8 to 10 times from
seedling to harvest of cotton in China. Some recent studies have
shown that reducing the number of intertillage had no signiﬁ-
cant effect on ﬁnal lint yield (CRI, 2013). Cotton intertillage can be
reduced to two times in the whole season without yield reduction.
The ﬁrst intertillage should be conducted at the full post emergence
and the second at full squaring stage. The second intertillage had
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Table  2
The integrated ratio of mechanized cotton farming in different cotton-growing regions in 2009 in China.
Cotton region Province Mechanical tillage Mechanical sowing Mechanical harvest
Area (kha) Level (%) Area (kha) Level (%) Area (kha) Level (%)
Yellow River valley cotton region Hebei 646.3 104.2 605.5 97.7 0.7 0.1
Shanxi 74.9 102.2 64.5 88.1 1.3 1.7
Shandong 702.5 87.8 551.6 68.9 0.0 0.0
Henan 132.5 24.7 2.7 0.5 0.0 0.0
Shanxi 54.3 87.7 21.3 34.4 0.3 0.5
Yangtze River valley cotton region Jiangsu 162 64.2 0.0 0.0 0.0 0.0
Jiangxi 2.7 3.6 0.0 0.0 0.0 0.0
Hubei 337.7 73.4 8.9 1.9 0.0 0.0
Hunan 92.7 60.7 0.0 0.0 3.4 2.2
Anhui 154.3 43.9 1.5 1.0 0.0 0.0
Zhejiang 6.5 32.5 0.0 0.0 0.0 0.0
Northwest inland cotton region Gansu 69.6 125.0 68.3 122.6 16.1 28.9
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etter be conducted simultaneously in combination with weeding,
arthing up, plastic ﬁlm uncovering and fertilization with the help
f machinery. This not only reduces the process, but also greatly
educes the cost and improves the operation efﬁciency.
.3. More mechanization
Because of high labor input and labor shortage, intensive cot-
on farming will inevitably be reformed with mechanization. By
he end of 2009, the ratio of mechanical tillage, sowing and harvest
as 76.8, 54.2 and 2.8% in China. But there were very large differ-
nces in mechanization rate among regions. As shown in Table 2.
he northwest inland cotton region is the highest in the integrated
atio of mechanized cotton farming, while the Yangtze River valley
otton region is the lowest (Mao  and Tan, 2013). And the integrated
atio (47.8%) of mechanized farming in cotton was lower than that
n wheat (89.4%), corn (60.2%) and rice (Oryza sativa L.) (55.3%) (Li
nd Du, 2012).
Mechanized cotton planting systems mainly include mechan-
cal tillage, soil preparation, transplanting, plant protection,
ntertillage and fertilization, harvesting, and straw returning. At
resent, some special machineries of tillage, sowing, fertilization,
ntertillage and straw returning have been developed and used
n China’s cotton regions. Although a self propelled cotton picker
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has been independently developed in China, other supporting
measures such as adaptive varieties, techniques of cultivation
and defoliation and machine-picked cotton cleaning lines need
to be further developed (CRI, 2013). The low ratio of mechanized
cotton harvesting has become a large obstacle to the development
of mechanized cotton farming. The integration of agricultural
machinery and agronomic measures should be strengthened in the
future to accelerate mechanized cotton harvesting. These measures
include: (a) Improving cotton picker performance and seed cotton
quality through developing harvesting machinery and equipment
suitable for different cotton regions; (b) More attention to the
selection of cotton varieties suitable for mechanized harvesting
and the development of agricultural cultivation technology; (c)
Establishment of quality standards for machine-picked cotton.
4.4. Reform of double cropping system
Double- or multi-cropping has been fully implemented in the
Yangtze River valley, while double cropping was implemented in
about 50% of the total cotton planting area in the Yellow River val-
ley. However, the existing double-cropping is mainly implemented
through direct seeding or transplanting before harvest of wheat
or rape (Brassica campestris L.). This not only takes a great deal
of labor input, but also inhibits mechanization. Current planting
201119991990
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Table 3
Current status and prospect of cotton cultivation measures in China.
Measures Present Prospect
Planting and thinning Conventional seeding,
30–45 kg seed per
hectare, and 2–3 times
of manual thinning.
Precision seeding,
15–18.75 kg seed per
hectare, and
no-thinning.
Intertillage 8–10 times during the
whole growth season.
2–3 times at the full
post emergence and
full squaring or
ﬂowering stage.
Fertilization 3–4 times at planting,
squaring or ﬂowering
stage and after topping
with rapid release
fertilizers. With more
labor input and lower
fertilizer use efﬁciency
One time at planting
with slow- or
controlled-release
fertilizer. Labor saving
and higher fertilizer
use efﬁciency
Plant training Manual removal of
vegetative branches,
old leaves and
redundant buds and
growth terminals of
the main stem.
Retaining vegetative
branches at lower plant
density or inhibit
growth of vegetative
branches through
increased plant
density, or using
chemicals substitutes
for plant training.
Plastic mulching Film thickness of
0.004–0.006 mm,  lower
ﬁlm residual recovery
≥0.012 mm in ﬁlm
thickness for recovery,
or using ﬁlm
substitutes instead of
conventional plastic
ﬁlm
Planting pattern Double-cropping
through direct seeding
or transplanting before
harvest of wheat/rape
Direct seeding of
short-season cotton
after the harvest of
wheat/rape, or
transplanting after
wheat/rape
Management mode Scattered distribution
and small scale
plantation
Concentrated
distribution and
scaling up plantation
Mechanization 40% level, including
tillage, sowing,
fertilization and
intertillage, straw
≥70% level in 10 years,
including tillage,
sowing, fertilization
and intertillage,08 J. Dai, H. Dong / Field Crop
atterns must be reformed to achieve simpliﬁed cultivation and
echanization. The ﬁrst alternative is transfer intercropping to
irect seeding of short-season cotton after the harvest of wheat or
ape. The second alternative is cotton seedling transplanting after
heat or rape. Traditional seedling nursery and transplanting is
abor intensive. The intensive process can be simpliﬁed by replacing
oil clay with seedling substrate (a mixture of sand, peat and some
ther organic fertilizers), by transplanting naked seedlings rather
han the soil–clay combined to ﬁelds, and by mechanized trans-
lanting instead of manual (Mao  et al., 2012). Simpliﬁed seedling
ransplanting decreases labor cost and increases efﬁciency.
.5. Concentrated distribution
The currently scattered distribution of cotton plantations will
nhibit simpliﬁcation of cotton farming and mechanization in
hina. Therefore, it is necessary to concentrate the distribution of
otton production areas and increase the farm size. Cotton distri-
ution is affected by climate and socioeconomic conditions. Based
n ecological conditions and production characteristics, more and
ore cotton production will be transferred to the Yellow River val-
ey area, the Yangtze River valley area and the northwest inland
rea (CRI, 2013). It should be noted that the northwest inland area
as the advantages of abundant land resource, rich solar radiation
nd big difference in day and night temperatures, which are bene-
cial to large scale cotton planting and high yield and quality. Thus,
he cotton production area in China has gradually moved from the
ellow River valley region and the Yangtze River valley region to
he northwest inland area (Mao  and Tan, 2013) (Fig. 5). The plant-
ng area and total yield in the northwest inland cotton region was
.65 million hectares and 3.20 million tons in 2012, accounting for
5.3% of total area and 49% of total output in China. Nevertheless,
he other two cotton regions—Yellow River valley and the Yangtze
iver valley are still very important for sustainable development
f cotton production in China. One of the biggest problems in Yel-
ow River valley and the Yangtze River valley regions is the small
cale of cotton growing, averaging only about 800 and 534 m2 per
arm holder (Du, 2012). The small cotton planting scale has created
 series of adverse effects, including low mechanization, greater
aste of water and fertilizer, and yield instability. Therefore, it is
ery important to increase the planting scale of cotton through rural
and circulation.
. Summary
Intensive cotton farming technologies with Chinese charac-
eristics including seedling transplanting, plastic mulching, plant
raining and double cropping have been widely adopted for the
ast ﬁfty years in China. Also a high-yielding cultivation pattern
alled “short-dense-early” has been widely adopted since 1980
n northwest inland. Intensive farming technologies have played
rucial roles in supporting China to become the largest cotton
roducer in the world. However, cotton production in China is
urrently facing great challenges, such as soil pollution by plas-
ic ﬁlm and chemicals, labor shortage due to urbanization, global
limate change and intense competition for land from food crops.
 more realistic approach to these challenges is to reform the tra-
itional intensive farming technologies by reducing soil pollution
hrough rational use of plastic ﬁlm and chemicals, labor saving
hrough simplifying managements and intensifying mechanization
nd increasing beneﬁt through reforming the cropping system and
anagement mode. It is believed that the reformed farming tech-
ologies (Table 3) will play more important roles in sustainable
otton production than traditional intensive farming technologies
n China.returning harvesting, and straw
returning
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